A simple and rapid method for the determination of amphetamine, methamphetamine, and their 3,4-methylenedioxy derivatives in urine samples was developed using automated in-tube solid-phase microextraction (SPME) coupled with liquid chromatography-electrospray ionization mass spectrometry (LC-ESI-MS). In-tube SPME is an extraction lechnique for organic compounds in aqueous samples in which analytes are extracted from the sample directly into an open tubular capillary by repeated draw/eject cycles of sample solution. LC-MS analyses of stimulants were initially performed by liquid injection onto an LC column to determine spectra. Five stimulants tested in this study gave very simple ESI mass spectra, and strong signals corresponding to [M+H] + were observed for all stimulants. The stimulants were well separated with a Supelcosil LC-CN column using acetonitrile/50mM ammonium acetate (15:85) as a mobile phase. In order to optimize the extraction of stimulants, several in-tube SPME parameters were examined. The optimum extraction conditions were 15 draw/eject cycles of 35 pL of sample in 50raM Tris-HCI (pH 8.5) at a flow rate of 100 pL/min using an Omegawax 250 capillary column. The stimulants extracted by the capillary were easily desorbed by mobile phase flow, and carryover of stimulants was not observed. Using in-tube SPME-LC-ESI-MS with selected ion monitoring, the calibration curves of stimulants were linear in the range from 2 to 100 ng/mL with correlation coefficients above 0.9985 (n = 18) and detection limits (S/N = 3) of 0.38-0.82 ng/mL. This method was successfully applied to the analysis of human urine samples without interference peaks. The recoveries of stimulants spiked into urine samples were above 81%.
Introduction
Amphetamine (AM) and methamphetamine (MA) are powerful stimulants of the central nervous system and are frequently abused by athletes, drug addicts, and recreational users (1) . Their methylenedioxy derivatives (Figure 1 sociability and liberate inhibitions, allowing the user to experience feelings of euphoria (2, 3) . Overdose of AM, MA, and their methylenedioxy derivatives often causes hallucination, paranoid delirium, seizures, coma, or even death (4) . Furthermore, chronic abuse of these drugs induces physical and psychic dependence as well as dysphoria and depression on withdrawal (4) . AM, MA, and their derivatives are classified as controlled or illicit drugs in many countries (5, 6) , and the development of convenient and reliable methods for detection and quantitation of these drugs in biological samples is required in clinical toxicology, forensic analysis, and doping control. A large number of methods for the determination of AM, MA, and related stimulants in biological samples have been reported using gas chromatography (GC), high-performance liquid chromatography (HPLC), gas chromatography-mass spectrometry (GC-MS), and liquid chromatography-mass spectrometry (LC-MS). Recently, comprehensive summaries of these methods have been given in some reviews (7) (8) (9) (10) (11) . Among these methods, GC-MS is widely accepted as the definitive analytical method because of its sensitivity and selectivity and the ease of identification of compounds from mass spectra. However, GC and GC-MS generally require derivatization prior to analysis in order to improve their chromatographic properties and obtain a higher mass fragmentation pattern in MS applications (8) (9) (10) (11) (12) (13) (14) . HPLC also requires derivatization for UV, electrochemical, fluorescence, and chemiluminescence detection in order to improve sensitivity and selectivity (8--11,15-17) . Recently, three LC-MS methods have been reported for the analysis of AM, MA, and related compounds in serum and urine samples (7,18--20 
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In order to achieve a more efficient, practical, and reliable method for the analysis of AM, MA, and their methylenedioxy derivatives in biological samples, improvements in sample preparation hold promise for significant gains 9 Ideally, a sample preparation method should be fast and simple 9 The SPME-LC interface equipped with a special desorption chamber is used for solvent desorption from fibers prior to LC analysis in place of thermal desorption in an injection port of the GC. A new SPME-LC system known as in-tube SPME was recently developed using an open tubular fused-silica capillary as the SPME device instead of the standard SPME fiber (55) .
In-tube SPME is suitable for automation using existing commercial autosamplers, and automated sample-handling proce-....
dures not only shorten the total analysis time but also usually provide better accuracy and precision relative to manual techniques. Recently, we developed methods for analysis of ranitidine (56), 13-blockers (57), and heterocyclic amines (58) using in-tube SPME coupled with LC-MS and applied to analysis of pharmaceutical, biological, and
food samples (59) . In this paper, we report a simple and rapid method for simultaneous determination of AM, MA, and their methylenedioxy derivatives in urine sample using this technique. This method has been facilitated by the Hewlett-Packard 1100 LC-MS because the standard autosampler for this system (ALS 1100) is well suited for in-tube SPME. The schematic diagram of the automated in-tube SPME-LC-MS system is illustrated in Figure 2 . In this technique organic compounds in aqueous samples are extracted directly from the sample into the internally coated stationary phase of an extraction capillary. The capillary is placed between the injection loop and the injection needle of the HPLC autosampler. While the injection syringe under computer control repeatedly draws and ejects sample from the vial, the analytes partition from the sample matrix into the stationary phase until a concentration equilibrium is reached. The extracted analytes are directly desorbed from the capillary coating by mobile phase flow, transported to the HPLC column, and then detected by a mass selective detector (MSD). Using this method, AM, MA, and their methylenedioxy derivatives in human urine samples were also analyzed. 
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Experimental Reagents
Structures of the five stimulants used in this study are shown in Figure 1 . Standard solutions of (+)-AM, (+)-MA, (+)-MDA, (• MDMA, and (• were purchased as 1-mg/mL standard solution in methanol from Radian International (Austin, TX). Each stimulant was used after dilution with water to the required concentration 9 All solvents used in this study were of HPLC grade. Water was obtained from a Barnstead/Thermodyne NANO-pure ultrapure water system (Dubuque, IA).
Instrument and analytical conditions
The LC-MS system used was a model 
In-tube SPME
As shown in Figure 2 , GC capillary (60 cm x 0.25-turn i.d., 0.25-1Jm film thickness) was used as the in-tube SPME device and placed between the injection loop and injection needle of the autosampler. The injection loop was retained in the system to avoid fouling of the metering pump. Capillary connections were facilitated by the use of a 2.5-cm sleeve of 1/16-in. polyetheretherketone (PEEK) tubing at each end of the capillary. A PEEK tubing internal diameter of 330 IJm was found to be suitable to accommodate the capillary used. Normal 1/16-in. stainless steel nuts, ferrules, and connectors were then used to complete the connections. Omegawax 250, SPB-5, SPB-1, and retention gap capillary (no coating) (Supelco) were tested for comparison of extraction efficiency. The autosampler software was programmed to control the intube SPME extraction, desorption, and injection. Vials (2 mL) were filled with 1 mL of sample in 50mM Tris-HCl (pH 8.5) for the absorption and set into the autosampler programmed to control the SPME absorption and desorption technique. In addition, 1.5 mL each of methanol and mobile phase in 2-mL vials was set on the autosampler. The capillary was washed and conditioned by two repeated draw/eject cycles (40 IJL each) of these solvents prior to extraction. The extraction of stimulants onto the capillary coating was performed by 15 repeated draw/eject cycles of 35 IJL of sample at a flow rate of 100 IJL/min with the six-port valve in the LOAD position. After washing the tip of the injection needle by one draw/eject cycle of 2 IJL of methanol, the extracted stimulants were desorbed from the capillary coating with mobile phase flow and then transported to the LC column by switching the six-port valve to the INJECT position. The sample was transferred to the MSD detector by means of the mobile phase flow.
Preparation of urine samples
Drug-free urine samples were collected from a healthy volunteer in the early morning. Urine samples were diluted 10 times with water and used for analysis after filtration (syringe microfilter, 0.45 IJm, Gelman Science) if necessary. An aliquot of filtrate was pipetted into a 2-mL vial, and 0.1 mL of 0.5M Tris-HCl buffer (pH 8.5) was added. After the total volume was made up to 1 mL with water, the vials were set on the autosampler. 
Results and Discussion
LC-ESI-MS
In order to select the monitoring ion for each stimulant, ESI mass spectra were initially analyzed by LC-MS with direct liquid injection into the column. As shown in Figure 3 LC separation of stimulants was performed using a Supelcosil LC-CN column. As shown in Figure 4 , the five stimulants were well separated using acetonitrile/50mM ammonium acetate (15:85) as a mobile phase, at a flow rate at 0.4 mL/min for 7 min. Each stimulant could be selectively detected by SIM.
Optimization of in-tube SPME and dsesorption
In order to optimize the extraction of stimulants by in-tube SPME, several parameters such as stationary phase of in-tube SPME capillary, extraction pH, and number and volume of draw/eject cycles were investigated. In this work, four different capillaries were evaluated for extraction efficiency using intube SPME-LC-MS-SIM. As has been observed for other compounds (48--50) , the relatively polar Omegawax 250 capillary gave superior extraction efficiency as compared to the less polar SPB-5, SPB-1, and no-coating capillaries ( Figure 5 ). The effect of pH of sample matrix on the extraction of stimulants by in-tube SPME was examined using several buffer solutions. As shown in Figure 6 , Tris-HCl (pH 8.5) was most effective, and the optimal concentration of this buffer was 50mM. In order to monitor the extraction-time profile of stimulants by in-tube SPME, the number of draw/eject cycles was varied from 0 to 20. As shown in Figure 7 , the extraction of stimulants using Omegawax 250 reached equilibrium after 15 draw/eject cycles of 35 pL of sample at the rate of 100 pL/min. The relative standard deviations of retention times of stimulants were below 0.6% under optimal conditions using the autosampler. The absolute amounts of stimulants extracted by the SPME capillary were calculated from comparison of SIM peak areas with the corresponding direct injection of the sample solution onto the LC column. As shown in Table I , approximately 0.52-1.4 ng (5.2-14%) were extracted onto the Omegawax 250 capillary by in-tube SPME of stimulants at sample concentrations of 10 ng/mL in comparison with direct liquid injection (100% reference).
Mobile phase was found to be suitable for desorption of stimulants absorbed into the stationary phase of the extraction capillary. Static desorption of stimulants from the capillary was achieved by the loading of mobile phase into the capillary. The desorbed stimulants were easily transported to the LC column with mobile phase flow.
The extraction and desorption of stimulants by the in-tube SPME method were automatically accomplished within 15 rain. Carryover of stimulant was not observed because the capillary was washed and conditioned by draw/eject cycles of methanol and mobile phase prior to extraction. Although one in-tube SPME capillary was used in 500 repeated analyses for three months, deterioration of the column and decrease of extraction efficiency were not observed.
Detection limits and calibration curves
The stimulants tested provided excellent response in SIM, and detection limits to give signal-to-noise ratios of three under our LC-MS conditions were 0.38-0.82 ng/mL (Table  II) . The in-tube SPME method gave 29-95 times higher sensitivity than the direct injection method (Table I) because the stimulants in the sample solution were concentrated in the capillary during draw/eject cycles. These sensitivities are similar or higher than those obtained previously (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) .
[n order to test the linearity of the calibration curve, various sample solution using in-tube SPME.
~" Calculated as 5-pL direct injection. concentrations of stimulants ranging from 2 to 100 ng/mL were analyzed. The calibration curves were constructed from the peak-area counts obtained in SIM mode. As shown in Table  II , a linear relationship was obtained for each compound in this range (six-point calibration). The correlation coefficients were 0.9985-0.9993, and relative standard deviations were 0.8-6.8% (n = 3).
Application to the analysis of urine samples
Urine sample (10 pL) was used after dilution 10 times with water and filtration with syringe microfilter if necessary. No further sample pretreatment was performed. As shown in Figure 8 , no interference peaks were observed in unspiked urine samples, although unknown peaks originated from urine components or Tris-HCI buffer were observed in front of the AM peak. In order to demonstrate the applicability of this method to biological samples, stimulants (each 5 or 50 ng) were spiked to 10 IJL of urine and analyzed by in-tube SPME-LC-MS after filtration. As shown in Table III , the recoveries from urine were 81-98% and relative standard deviations were 0.7-7.9%. The quantitation limits of stimulants in urine samples were calculated as signal-to-noise ratio of three in comparison of peak heights of unspiked and spiked urines. As shown in Table IV , the quantitation limits were 32-79 ng/mL urine. In addition, the within-day and between-day variations for analysis of spiked urine (1 IJg/mL) samples by in-tube SPME-LC-MS method were 0.9-3.0 and 2.1-6.0% (n = 4), respectively (Table IV) .
Conclusions
In-tube SPME is an ideal sample prepa- Time (min) Figure 8 . Total ion and SIM chromatograms obtained from urine samples by in-tube SPME-LC-MS. A, Total ion chromatograms obtained from urine and spiked urine samples. 13, SIM chromatograms obtained from spiked urine sample. Urine sample (10 pL) was diluted 10 times with water and used for analysis after filtration. Stimulants were spiked at a concentration of 5 pg/mL urine. (See Experimental section for in-tube SPME-LC-MS conditions.) Peak identification: 1, AM; 2, MDA; 3, MA; 4, MDMA; and 5, MDEA.
